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ON THE EXTINCT RODENTIA OF NORTH AMERICA. 



BY PROFESSOR E. D. COPE. 



Miocene Rodentia. 
( Continued from page 57 J 
Eumys (Leidy) Cope. 

With this genus we commence an account of the mice of Mio- 
cene times. Representatives of this primary division were not as 
numerous during this period in North America as they are at the 
present epoch, and very few of them displayed the prismatic type of 
molar teeth, as do the Arvicola or 
meadow mouse, and muskrat, genera 
of later periods. In Eumys we have 
the predecessor of our wood-rats and 
mice, but which unites with some den- 
tal characters of these animals, the 
cranial form of Fiber or the muskrat. 
The molar teeth are tubercular, with 
alternating lobes as in Hesperomys 
(wood-mouse), but there are interme- 
diate cross-crests on the inner side of 
the lower, and outer side of the upper 
jaws, so that when worn, the crowns 
present exactly the pattern of Gym- 
noptychus. There are no ridges 
bounding the orbits above, and there 

is a median or Sagittal Crest. This is FlG * f 4-— Eumys elegans Leidy; 

. r • ... parts of skull and mandible with 

a Character Of various primitive TO- little worn molars. Twice natural 

dentia, retained in the Arvicoles and 'I 2 ?' From Ae White River beds of 

Colorado. Original. From Vol. IV, 
muskratS. U. S. Geological Surv. Terrs. 

But one species is known, the Eumys elegans Leidy. It is only 
found in the White River beds of Nebraska and Colorado. It was 
as large as a Pennsylvania meadow-mouse, and must have been 
exceedingly abundant. See Figs. 13-14. 

Hesperomys Waterhouse. 
This existing genus is represented by a species ( H. nematodon 
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Fig. 15. — o maxillary; b mandibular teeth of Paciculus 
insolitus Cope, twice natural size. Figs, c-d, Hesperomys 
iiematodon ; c, frontal region from above, nat. size ; b, 
maxillary teeth, twice nat. size. From the John Day beds 
of Oregon. Original. 



Cope) in the John Day beds of Oregon, and by a second species 

in the Loup Fork 
formation of New 
Mexico and Ne- 
braska (H. Ioxq- 
don Cope). A 
beautiful cranium 
of the former was 
found by Profes- 
sor Condon of the 
University of Ore- 
gon, and others 
have been obtain- 
ed by Mr. Wort- 
rnan. It was intermediate in size between the recent wood-rats 
and mice. The H. loxodon was smaller. See Fig. 15. 

Paciculus Cope. 

This genus is probably one of the Muridae, and a near ally of the 
recent Sigmodon and Neotoma. It differs from these genera in hav- 
ing three external inflections of the enamel in the superior molars 
instead of two. It differs from Hesperomys as these two genera do, 
viz., in having deep enamel inflections instead of tubercles and 
valleys. It is true that the deepening and narrowing of the 
valleys of the molars of Hesperomys would result after wear in 
a pattern like that of Neotoma. The same process in Eumys 
would produce a pattern much the same as that of Paciculus, but 
that genus is further characterized by the contraction of the post- 
orbital region and the production of a sagittal crest, which are not 
found in Padculus. 

Two species of this genus are known to me, P. insolitus , a 
smaller (Fig. 15 a b) t and P. lockingtonianus, a larger one, which 
is about the size of the wood-rat. Both are from the John Day 
beds of Oregon. They demonstrate an early origin for the American 
type of Neotoma, as contemporaries of the first of the Hespero- 
mys. (Fig. 15.) 

Pleurolicus Cope. 

The exclusively American family of the subterranean "go- 
phers/' or Saccomyidae, was well represented in Oregon, and 
probably in other regions, during the John Day epoch. As yet 
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they have not been found in the Loup Fork formation, but 

they occur in the 

Pliocene Equus 

beds. Two genera 

are known, the one 

above named, and 

Entoptychus Cope. 

They are very nearly 

allied to existing 

genera. In the 

former the molars 

are rooted and have Fig. 16.— a-b, PUurolicus leptophrys Cope; skull, a 
short Crowns and a a ^ ove » ^ below ; figs, c d, P. diplophysus Cope, postorbital 
' part of skull, c from above; d from behind. Nat. size. 

fold of enamel on From the John Day epoch, Oregon. Original. From Vol. 
^<±c.:A^~f4.u~ IV » Report U.S. Geol. Surv. Terrs. 

one side of the crown v 

is always open. In the latter, the molars are prismatic and rootless, 
and the lateral enamel fold becomes on wearing an isolated lake. 
Pleurolicus is curiously near to the existing Heteromys and 
Perognathus, the two genera of Saccomyidae with rooted molars. 
The former differs in having the molars divided into two columns, 
each of which is sheathed m enamel, while Perognathus only differs, 
so far as I am aware, in having the superior incisors grooved. It is 
also very nearly related to Entoptychus, and two of the species 
correspond in various respects with two of those of that genus. In 
view of the fact that most of the specimens of the P. sulcifrons 
are old individuals with well worn molars, the idea occurred to 
me that the rooted character of the molars might be common to 
the species of Entoptychus, but that it might not appear until 
long use had worn away most of the crown, and the protrusion 
had ceased. Examination of the bases of the long molars of h. 
planifrons did not reveal any roots. It is also opposed to this 
view that the maxillary bone in the Pleurolici has little depth be- 
low the orbital fossa, appropriately to the short- rooted molars, 
while the depth is considerable in the typical Entoptychi, though 
there is a complete gradation in this respect. But I have demon- 
strated satisfactorily that Pleurolicus is a distinct genus by obser- 
vations on the P. leptophrys. Some of my individuals of this spe- 
cies are young, with the crowns of the molars little worn, yet the 
roots diverge immediately on entering the alveolus, on all the 
molars. In the species of Pleurolicus the lateral fissure of the 

VOL. XVII.— HO. II. IS 
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crown descends to its base, and hence persists longer than in the 
typical Entoptychi. 

I am acquainted with two species of this genus. The posterior 
part of the skull of an individual represents a third species, which 
I refer provisionally to this genus. See Fig f 16. 

Entoptychus Cope. 

Molars |-}, rootless, and identical in structure. The crowns are 
prismatic, and in the young stage present a deep inflection of 
enamel from one side, the external in the superior teeth, the inter- 
nal in the inferior. After a 
little attrition, the connec- 
tion with the external en- 
amel layer disappears, and 
there remains a median 
transverse fossette, entirely 
inclosed by enamel. The 
tooth then consists of two 
dentinal columns in one 
cylinder of enamel, sepa- 
rated by a transverse enam- 
el-bordered tube. Incisors 
not sulcate. 

The teeth of this genus 
differ from those of Perog- 
nathus in being without dis- 
tinct roots, and in having 
the enamel loop cut off and 

inclosed. In Dipodomys 
Fig. 17. — Entoptychus crassiramis Cope; ,1 1 j« • 1 1 

a, 0, cranium from side and above ; c t mandi- the molars are undivided 
ble from above. Natural size. From the John simple prisms. 
Day epoch, Oregon. Original. From Repoit JZ , 1t . * 
U. S. Geol. Survey Ters. F. V. Hayden. The Skull IS compact and 

does not display the vacui- 
ties or large foramina seen in some genera of Rodentia. There 
are deep pterygoid fossae, whose inner bounding laminae unite on the 
middle of the palatine border and whose external laminae are con- 
tinuous with the posterior extremity of the maxillary bone. The 
otic bullae are not separated very distinctly from the mastoid. The 
latter looks like a continuation of the former, as in Thomomys, 
and occupies considerable space between the exoccipital and the 
squamosal. The latter sends downwards a process just posterior 
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to the auricular meatus, which forms the handle to a hammer- 
shaped laminar bone. This is, no doubt, a dismemberment of the 
squamosal, as a similar process is continuous with that bone in 
Thomomys, and one somewhat different is seeft in Neotoma, 
Hesperomys, &c. Supraoccipital distinct on superior face of 
skull. Paroccipital process small or none. Mastoid elongate, 
adherent to the otic tube. No postfrontal process. 

A well-marked character which distinguishes the skull of this 
genus from Thomomys, Dipodomys, &c, is the separation of the 
meatal tube of the otic bulla from the zygomatic process of the 
squamosal bone by an interspace. There is no postsquamosal 



I 



\vy 






Fig. 18. — Entoptychus planifrons Cope ; skull, side, top, bottom, and posterior 
views. Nat. size. In fig. a the roots of two molars are exposed. From John Day 
epoch, Oregon. Original. 

foramen in the recent genera. In Dipodomys the otic bulla is 
more largely developed, but it has the anterior bottle-neck pro- 
longation seen in Entoptychus. 

Individuals of this genus were very abundant in Oregon during 
the middle Miocene epoch. They represent several species, but 
how many it is difficult to determine. The most noteworthy 
variations are found in the development of superciliary ridges; 
then there are modifications in the forms of the premolar teeth, 
differences in the length and width of the muzzle, and some range 
in dimensions. In E. crassiramis Cope (Fig. 17), there is a deep 
frontal groove which is closed posteriorly. In E. cavifrons there 
are strong and in E. lambdoideus there are weak, superciliary 
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ridges. In E. minor and E. planifrons (Fig. 18), the frontal bone 
is flat, and E. minor is smaller than the other species. 
Pal^eolagus Leidy. 

With this genus we enter the Lagomorpha, or rabbits, and their 

allies. It is probable that rabbits 
were as numerous in species in 
Miocene times in North Ameri- 
ca as they are at present, but the 
number of extinct species yet 
known is smaller than the recent. 
The characters of Palaeolagus 
approximate nearly those of the 
existing genus Lepus. The only 
distinction between them signal- 
ized by Dr. Leidy, is the more 
I simple first inferior molar of the 
; extinct genus, which consists of 

Fig. iq. — Palvcolagus haydeni Leidy, , , ,. ., , 

natural size, from the White River beds of One column more Or less divided. 

Colorado, a anterior part of cranium from J n Lepus this tooth consists of 
below ; b mandible from above ; c do. . , 

from external side; d tibia; * distal end two Columns, the anterior Of 

of do. from below. Original. which is gr00 ved again on the 

external side in the known species. I am able to reinforce this 
distinction by a strong character, viz., the absence of the post- 
frontal process in Palaeolagus. As compared with the extinct 
genus Titanomys of Meyer, 1 the difference is well marked, as 
that genus has the molar teeth % instead of % The last inferior 
molar is cylindric, consisting of but one column. The first infe- 
rior molar consists of two cylinders broadly united, as in the cor- 
responding tooth of Palaeolagus. As compared with Panolax 
Cope, 2 which is only known from superior molar teeth, this genus 
may be at once recognized by the simplicity of the last tooth. In 
Panolax it consists of two columns. (See Fig. 19.) 

Dr. Leidy's descriptions and figures, which are available for the 
definition of this genus, relate exclusively to the dentition. Char- 
acters drawn from the skeleton give some available indications. 
The condyles of the humerus are more primitive than those of 
the species of Lepus, in having a less developed intertrochlear 
crest. The tibiotarsal, or ankle joint, is, on the other hand, as 

1 Amphilagus. Gatal. Meth. et Descr. Vertebes Fossiles de la Bassin de la Loire, 
1853, p. 42. 

2 Report Lieut. G. M. Wheeler, 4to, IV, p. 296. 
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mechanically perfect as in Lepus. The extremity of the fibula is 
coossified, and the astragalar grooves are deep. This is a contri- 
bution to the evidence that the posterior feet of the Mammalia 
have advanced more rapidly in advancing evolution than the an- 
terior. As the posterior limbs furnish most of the energy, and 
therefore sustain most of the shocks in progression, there is 
doubtless a connection between the two facts, of cause and 
effect. 1 

A cast of the cranial chamber of a specimen of Palceolagns 
haydeni displays the superficial characters of the brain. As in 
the order generally, the hemispheres are small and are contracted 
anteriorly. The greater part of the cast of the cerebellum is lost, 
but enough remains to show that it was large. The olfactory lobes 
are large ; they are not gradually contracted to the hemispheres, but 
expand abruptly in front of them, being separated by a constriction 
only. They are wider than long and than the exterior part of the 
hemispheres. Their cribriform surface is wide, and extends backwards 
on the outer sides. Traces of the three longitudinal convolutions 
can be observed on the hemispheres above the lobus hippocampi. 
The internal and median are continuous at both extremities, and 
extend with the external to the base of the olfactory lobes. There 
is no definite indication of the Sylvian fissure. The lobus hippo- 
campi protrudes laterally a little beyond the border of the exter- 
nal convolution. Its form is depressed. 

As compared with the brain of the rabbit (Lepus cuniculns) fig- 
ured by Leuret and Gratiolet, that of the Palceolagus haydeni is 
distinguished by the absolutely much smaller size of the hemis- 
pheres, and by the absolutely larger olfactory lobes, the excess 
being in transverse dimensions and not in the longitudinal. An 
important difference is also the absence of the median posterior 
production of the hemispheres seen in the rabbit, the prolongation 
in the extinct species being lateral, and extending little behind the 
lobus hippocampi. The indications of the convolutions of the 
superior surface are similar in the, two. 

As observed by Leidy,-this genus presents the same number of 
teeth as in the existing rabbits, viz, I. \ ; C. %\ M. \\ and that the 
difference consists in the fact that the first molar possesses two 
columns, while in Lepus there are three. Having collected a 

1 See On the effects of Impacts and Strains on the feet of Mammalia, Amer. 
Naturalist, 1881, p. 543. 
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great number of remains of this genus, I am able to show that it 
is only in the immature state of the first molar that it exhibits a 
double column, and that in the fully adult animal it consists of a 
single column with a groove on its external face. The dentition 
undergoes other still more important changes with progressing 
age, so as to present the appearance of difference of species at dif- 
ferent periods. 

The succession of teeth in the Palceolagus haydeni is as fol- 
lows (Fig 20) : 

The earliest dentition of this species known to me is the pres- 
ence of the two deciduous molars, the first and second in position, 
before the appearance of any of the permanent series. Each of 
these has two roots, and the crown is composed of three lobes. 
In the first, the first lobe is a simple cusp ; the two following are 
divided into two cusps each ; the second is similar, excepting that 
the simple cusp is at the posterior end of the tooth. The grooves 
separating the lobes descend into the alveolus on the outer side, 
but stop above it on the inner. 

In the next stage, the third permanent molar is projected, and 
has, like the second deciduous, a posterior simple column, whose 
section forms an odd cusp or lobe. The fourth true molar then 
follows, also with an odd fifth lobe behind. This lobed form of 
the molars is so different from that of the adult as to have led me 
to describe it as indicating peculiar species under the name of 
Tricium avunculus and T. annce. 

In the next stage, the fifth small molar appears in view, and the 
second permanent molar lifts its milk-predecessor out of the way. 
In a very short time, the posterior, or odd, columns entirely dis- 
appear, sinking into the shaft, and the permanent molars assume 
the form characteristic of the species. The last stage prior to 
maturity sees the first milk-molar shed, and the younger portion 
of the first permanent molar protruded. There is the merest trace 
of a posterior lobe at this time, and that speedily disappears. The 
anterior lobe is subconical, and is entirely surrounded with enamel. 
By attrition, the two lobes are speedily joined by an isthmus, and 
for a time the tooth presents an 8-shaped section, which was sup- 
posed to be characteristic of the genus. Further protrusion brings 
to the surface the bottom of the groove of the inner side of the 
shaft, so that its section remains in adult age something like a B. 

The Palceolagus haydeni was dedicated by Dr. Leidy to Dr. 
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Hayden who discovered it. It was an ex- 
tremely abundant species, and no doubt fur- 
nished much food for the Carnivora of the 
Lower Miocene period. There are two other 
species found in the same horizon, the P. tur- 
gidus Cope (Fig. 20), and P. triplex Cope, both 
larger than the P. haydeni. The former is as 
large as the northern hare, Lepus glacialis, and 
had the teeth much like those of the P. hay- 
deni. The P. triplex is of similar dimensions, 
and has the third column to the permanent 
molars which characterize the immature stage 
of the other species. 




Fig. 20. — Palceolagus 
haydeni Leidy, tempo - 



A . r ,* , r ,, rary dentition, a two 

A species of the size and appearance of the inferior milk molars; 
P. haydeni is found in the John Day beds of b two temporary and 

-^ . -it one P erm anent superior 

Oregon, and a similar one occurs in the Loup molars ; c-d two tem- 
Fork beds of New Mexico. *^ « v ««« fi ^^ , , - , 

& about to be replaced; 

teeth of these animals are known, nothing can other permanent molars 

Natural size, 
liver 



As nothing but P ora 7 * nf Jf rior molars 

about to be re] 

-___.. ~. — _~~ ^„..._. _ ....jwn, nothing can other permanent .„«.. 

yet be finally determined as to their specific j^L white Ri. 



beds of Colorado, 
inal. 



Orig- 






affinities. 

Panolax Cope. 

In this genus the last 
superior molar consists of 
two columns ; otherwise 
the superior teeth are as in 
the last genus. The single 
species known, Panolax 
sanctcefidcei Cope, was as 
large as the northern hare. 
It is found in the Loup Fork 
formation of New Mexico. 

Lepus Linn. 

Dental formula : I. \ ; C. 
g; P-m. i; M. |. First su- 
perior molar simple ; first 
inferior molar with two ex- 
ternal grooves ; last inferior I 

molars consisting of tWO F ig. 21,— Lepus ennisianus Cope; cranum. 

cylinders. Postorbital pro- NaU size - From the J olm Da y Epoch, Oregon. 

r Original. From the U. S. Geological Survey 
cesses present. Terrs. F. V. Hayden, Vol. iv. 
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I am acquainted with but one extinct species of this genus, and 
this is from the John Day Middle Miocene period. It proves the 
ancient origin of this genus, now so widely distributed over the 
earth. Species of Lepus are reported by M. Gervais from the 
Miocene (Montabuzard) and Pliocene (Montpelier) of France. 

The Oregon species is Lepus ennisianus Cope, an animal about 
the size of the " cotton tail," Lepus sylvaticus. (Fig. 21.) 

(To be continued.) 
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EDITORS' TABLE. 

EDITORS I A. S. PACKARD, JR., AND E. D. COPE. 

The excellent after-dinner speeches at the farewell ban- 
quet given to Herbert Spencer, Nov. 9, 1882, have been published 
by D. Appleton & Co., under the title " Herbert Spencer on the 
Americans, and the Americans on Herbert Spencer." Our readers 
would do well to read the brochure. One of the speakers, how- 
ever, besides assuring Mr. Spencer that he stood at the head of 
the philosophers of his time, an opinion which we heartily en- 
dorse, also unequivocally asserted (see p. 75) that Spencer's writ- 
ings on evolution (his "Psychology" published in 1854 and 
anonymous articles published in 1882) has an " incontestible pri- 
ority to all other promulgations of recent evolutionary doctrine," 
and that the theory of evolution was elaborated "before Mr. 
Charles Darwin had ever published a word upon the subject." 

Now we feel so cordially and sympathetically towards Mr. 
Spencer that we hope his last resting place (though be the time 
far distant !) may be in Westminster Abbey, by the side of Dar- 
win. But a philosopher as such has not brought about the pres- 
ent attitude of the scientific and lay mind towards the doctrine of 
evolution. This was reserved for a naturalist, the author of the 
u Origin of Species," who began, as he tells us, in 1837 to accu- 
mulate his facts and to draw his inductions from observed or re- 
corded facts, his theory of derivation having previously been sug- 
gested during his voyage along the coast of South America. It 
is the triumph not of an a priori, synthetic, or "cosmical" philos- 
ophy, but of the inductive method of natural science, that the 
scientific and popular thought has been revolutionized. Mr. 
Spencer evolved his general theory of evolution, broad, compre- 
hensive and all-embracing as it is, in his study. Darwin circum- 



